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TEHOEHUIT TA NEPCNEKTUBU PO3BUTKY

P. CeprieHKo, KaHAUZAT TEXHIYHUX HaVK,

CTapUIUA HAYKOBUM CITIBPOOITHUK HAYKOBOTO LEHTPY
TEMITEPATYPHUX i TermnodisuyHnx BUMIpIOBaHb,
HauionanbHuit HayKOBUiA LeHTP «IHCTUTYT MeTPoOriiy,
M. Xapkis,

e-mail: rymma.sergiyenko@metrology.kharkov.ua

Y pamkax yO0ockoHaneHHs [lepxasHo20 nep8UHHO20 ema’sioHa
00uUHUYi memnepamypu 8 dianasoHi 8i0 1357,7 0o 2800 K
(JETY 06-03-96) nposedeHo pobomu 3 OOC/IOXeHHs ma aHasnisy
po38UMKY Memodis peanizayii memnepamypHoi WKanu, Ha 0CHOB8i
4020 ChOPMOBAHO CMPYKMYpPHY CXeMy NepeuUHHO20 emasnoHa

ﬂ@Bﬂgﬂ = K¢

The Study of Trends in the Development
- of Methods for Implementing the Temperature S

in the Framework of Improvmg
tandard of the Temperatur

R. Sergiienko, Candidate of Technical Sciences,
Senior Research Fellow, Scientific Center of Thermal
and Thermal Physical Measurements,

National Scientific Center «Institute of Metrology»,
Kharkiv

e-mail: rymma.sergiyenko@metrology.kharkov.ua

Within the framework of improving the state primary standard
of the temperature unit in the range from 1357.7 to 2800 K, the work
was carried out to study and analyze the development of methods
for implementing the temperature scale, on the basis of which the
structural scheme of the primary standard DETU 06-03-96 was

JETY 06-03-96. formed.

Kniouoei cnoea: memnepamypHa wkana, nepsuHHUli emasnoH, emanoHHUt nipomMemp, penepHa moykd, 8UnpomiHiosay
Keywords: temperature scale, primary standard, standard pyrometer, fixed point, radiator

masoHi Big 1357,7 K no 2800 K (HETY 06-03-96), Akuil € BEPXHbOIO J1AaHKOW CXEMU
MTPOCTEXYBAHOCTI /1l 6€3KOHTAKTHUX 3aC00iB BUMipIOBAHHA TEMIIepaTypu B YKpaiHi, mo-

nepmaBan?l MIePBUHHWI €TajloH OAWHUL TeMIlepaTypu 3a BUIPOMIHIOBAHHAM B Jia-

yaB GyHkuioHyBatn y 1994 poui. OueBuzHO, 1o 3a mepioz ekcruyarauii eranoxa ceiro-
Ba METPOJIOTiYHA ITPAaKTUKA POl IIeBHUIA PO3BUTOK 1 Mae BifmoBifHI TeHpeHUil y mu-
TaHHAX peasisalii TeMmepaTypHOi LWIKaNW B YaCTUHI 6€3KOHTAKTHOI TepMOMeTpii, ki, 30-
KpeMa, 3yMOBJIeHI 0UiKYBaHWUM IePeBU3HAYEHHAM OAUHULI TeMIeparypu. [Ins BU3HaYeH-
HA HampaMiB ypockonanenHsa eranona JETY 06-03-96 Ta ¢opmyBaHHA 0TO OHOBLEHOL
CTPYKTYpHOI cXeMu, HeoOXifHO MPOBECTU BiAMOBifHI HOCNifKeHHA 3a3HAYEHUX TEHMEH-
il PO3BUTKY METOAIB peanisauii TeMmepaTypHOi wrkanu.

Bipmosingto no Ionoxennsa mpo MixnapopHny TemmeparypHy ukany (MTIL-90)
[1] omuHMuA TeMIepaTypu B [iama3oHi BULlEe TEMIEPATypu TBEPAHEHHA cpibna
Too(Ag) = 1234,93 K (961,78 °C) BiRTBOPIOETHCA ONMTUYHUMU METOLAMU HAa OCHOBI CITiB-
BiZlHOLIEHHSA, 0 BUIIUBAE i3 3aKoHy Ilnanka:

L(T) _exples /M (x))-1
L, (T90 (x)) exp(c, /A T;) -1
ne Toy(x) — 3HaueHHA TeMmmepaTypu (Ha3oBoro mepexony TBepAHEHHA ofHiel 3 TpbOX pe-

IIepHUX TOYOK — cpibna, 3omota (Ty(Au) = 1337,33 K) abo mini (Too(Cu) = 1357,77 K);
L,(Tyy) Ta Ly(Typ(x)) — CrEKTpanbHi I'YCTUHW €HEPreTUYHOI ACKPABOCTL BUIIPOMIHIOBAHHA

. (1)

YOPHOTO TiNa 1A AOBXUHM XBWIL A (V BakyyMi) 3a Temmeparyp 7o, Ta To(x) BipmosipHo;

¢, = 0,014388 m-K. OTxe, mpolec mo6ynoBu TeMmepaTypHoi mkanu y chepi 6e3koHTaKTHOL

TEPMOMETPii IPYHTYETbCA Ha 3AINCHEHHI CTaHY TePMOAUHAMIUHOI piBHOBArW MiX TBEPLOWO

P. CepeieHko

© Ceprienko P., 2018 3
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Po3pobieHo MemoOduKy npamux 38ipeHb siasep-
Hux iHmepcpepomempie ma memoOuKy onpayto-
8AHHA iX pe3ynmbmamie 3a MemoooM HalmeHWux
keadpamie (MHK). 3a MHK ouiHtoemeca adumus-
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0. Adamenko, Candidate of Technical Sciences,
Senior Research Fellow of the Geometry Measurement
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E-mail: adamaleksandr@i.ua
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V. Kalynichenko, Head

of the Research and Production

Metrology Department
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and Non-Destructive Testing,
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SE «Kharkivstandartmetrologiia»
The method of the direct comparison of the
laser interferometers and method processing of
the interferometry measurement results by the
least square method (LSM) is present. The additive
part of the measurement error for each pair of the
interferometers is evaluated and the multiplicative
part of the measurement error for each interferometer
is evaluated too by LSM. Uncertainty by A tape
by LSM is evaluated for all parameters. Results of
the comparison of the three interferometers are
presented.

Knio4oei cnoea: iHmepgepomemp, emasnoH, 3gipeHHs, MemposioziyHi Xapakmepucmuku, adumusHa
ma MynemunikamueHa cknaoosi NOXUGKU, CMaHOapmHe 6i0XUNEHHS, HEBU3HAYEHICMb.

Keywords: interferometer, measuring standard, comparison, metrological characteristics, additive
and multiplicative constituents of error, standard deviation, uncertainty.

epecyBHi iHTepdhepoMeTpu OTPUMANU LIMPOKE 3aCTOCYBAHHA Y ITPOMUCIIOBOCTI.
Benukuit, ane He BUUEPNHUIL Tepenik 06'eKTiB i METO/iB 3aCTOCYBaHHA HABEJEHO

0. CamotineHxo

0. Adamenko

Ha cailti Gipmu-Bupobuuka intepdepomerpis Renishaw [1]. Chepa 3acTocyBaHHA iHTep-
(bepoMeTpUIHNX METOLIB BUMIpPIOBAHHSA L03BOJIAE JOCATTI HANOINbLI TOUHUX PE3YALTATIB
BUMipi0BaHHA MapaMeTpiB pisHOMaHITHUX 06’€KTiB, MOB'A3aHMX 3i 3MiHOW0 reomerpii, me-
pemimenb un Hampamky [2]. Hait6inbur mourupeni cucTeMw nasepHwx iHTepdepomerpis
mo6yA0BaHi Ha 3aCTOCYBAHHI OLHOYACTOTHOTO YW ;BOYACTOTHOTO J1a3ePiB, 1110 MalOTh 30B-
HINHIO 260 BHYTPILIHIO MOAYALI0 1a3€PHOTr0 BUMIPOMIHIOBAHHS, 3 METO10 ix crabinizauii,
MiABULEHHA TOYHOCTI Ta HapiHocti [3]. ¥V meTponorii inTepdepomerpun oTpumanu um-
pOKe 3aCTOCYBaHHA B Ipoliecax KaniOpyBaHHA la3epPHUX TPeKepiB, eKCTEH30MeTpiB, Ka-
nibpaTopis, aBTOKONiMaTOpPiB, pyneTok Tomo. IIpu 11bOMY BUCOKA TOYHICTb BUMipiOBaHb

B. KanuHiueHko

© Camonnenko 0., Anamenko 0., Kanuuivenko B., 2018 15




BUMIPIOBAJIbHI MPUJTIAOU TA CUCTEMU

4'2018 « METPOJIOCIS TA [TPUJTAAN - ISSN 2307-2180

DPOTOMETP
Aana BIIIMIPIOBAfHHH

B. lllabanrkeBny, KaHAWAAT TEXHIYHUX HAVK,
upekrop, TOB «HaykoBo-Bupo6Hnya tdipma «TeH3opy,
M. Yepnisui,

e-mail: td_tenzor@ukr.net

B. I0p’es, imxenep, BAT KB Purw,

M. Yepnisui,

e-mail: butyur@rambler.ru

10. Jo6poBONBLCLKUMA, JOKTOP TEXHIYHUX HayK, AOLEHT,
YepHiBelbKUit HalliOHANbHUI YHIBEPCUTET

(YHY) im. I0pin depbkoBUYa,

e-mail: yuriydrg@ukr.net;

3acTymHuK aupekTopa, TOB «HaykoBo-Bupob6HUYA
dbipma «TeHsopy,

e-mail: td_tenzor@ukr.net

I. okTopoBuy, itxexep, BAT [IKE Purm,

M. YepHisuj,

e-mail: butyur@rambler.ru

€. Wopoxk, crynent, YHY im. Opia depbroBuua,
e-mail: e.olegovich.shrk@gmail.com

[lpoaHani3oeaxo cy4acHi nokcmempu i HagedeHo pesynbma-
mu po3pobsieHHsA oKcMempad 3 OUHAMIYHUM 0iana30HOM y 0ecAmb
nopAokie ma MemoOuKu 00C/TIOXeHHA (020 MEMPOIO2IYHUX XapaK-
MepuCMUK, 32i0HO 3 SKUMU HeJliHIlIHICmb eHepeemuyHoI xapakme-
pucmuku 4ymsusocmi lokcMempa He nepesuwye + 0,7 % 8 dia-
nasoHi ocgimneHocmed (1 - 10° - 1 10°) ik, a mexi donycmumoi
OCHOBHOI BIOHOCHOI NOXUBKU BUMIpIOBAHHA OCBIMIEHOCMI He ne-
pesuwjytome = 5 %.
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Modern lightmeters are analyzed and the results of the
development of a luxmetre with a dynamic range of ten orders
and the methods of studying its metrological characteristics are
presented, according to which the nonlinearity of the energy
characteristic of the sensitivity of the luxmetre does not exceed
+ 0,7 % in the range of illumination (1 - 10° - 1 - 10°) lux, and
the limits of the permissible basic relative error of measuring the
illumination do not exceed + 5 %.

Kniouosi cnosa: niokcmemp, ocgimmneHicme, HestiHiliHicmb, noxubka, OuHamiyHut 0ianasoH, ¢pomodioo.

Keywords: light meter, illumination, nonlinearity, error, dynamic range.

quaCHa TexXHiKa i mpupoaHe cepefoBullle CTaBAATb
Tepes CBITNIOTEXHIKOW PAf 3aBAaHb, AKi y uino-
My MONATAITL Y HEOb6XiHOCTI BUMIpIOBAHHA Han3BU-
YallHO MaiuX CBITJI0BUX IIOTOKiB. 30KpeMa, 1ie OcBiTne-
HicTh popir y Hiwnuit vac (po 0,5 nk [1]), AckpaBicTb
JOMiHECLIeHTHUX JXepen cBitna (mo 0,2 ka/m? [1]),
BU3HAYEHHA MOHATTA «HiU» 3 TOuku 30py doromerpii
(210 nx [2]), BuMipioBaHHA nnTOMOTrO Koediui-
€HTAa CWIW CBiTJa CBITJIONOBEPTAOUUX MaTepianis
(no 10 nx [3]) Ta bararo iHumx.

IIna BUMipIOBAHHA TaKUX MAIWUX PiBHIB OCBiTZIEHOC-
Ti icHY10Tb IeBHI punaau, 30kpema, aickpasomip APM-3,
Ziama3oH BUMipIOBAHHA OCBIT/IEHOCTI AKOTO CKNAZAaE Bif,

5-10* no 5-10°% nK 3a BEAUYMHU BiAHOCHOI ITOXUOKM,
He 6inbuoi 3a 8 % [4], BapTicTb fKOro BifmoBifae ito-
ro WIMPOKOMY AuHaMiuHoOMy AiamasoHy (~ 3000 $); a6o
dboromerp Exorensop-03, akuit y BOOCKOHANEHIN Bep-
cii 3patHuit 3a6e3mevyBaT BUMIpIOBAHHA OCBITIIEHOCTI
B iamasoni Big 1073 no 2 - 10° nk [5—7] 3a uiHun 61m3b-
K0 600 €. TakoX iCHYE JIOKCMETDP HU3bKUX PiBHIB OCBIT-
JIEHOCT], 1110 BXOLUTb L0 CKNALY YCTAHOBKW LA BUMi-
proBaHHA UTOMOro KoedinieHTa cunm cBiTna CBiTNOIO-
BEPTAOUNX MaTepianis, Aiara3oH BUMIpIOBAHHA OCBIT-
neHocti akoi cknagae (10~ — 10°) nx [8].
3ayBaXuMo, W0 [JiA BWUMIpPIOBAaHHA Manux pis-
HiB OCBiT/IeHOCTI MOTPiOHI IMEPBUHHI IMepeTBOPIOBAYi 3
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3anponoHogaHo Memod BUMIPIOBAHHA Xapak-
mepucmuk Oxepesn c8imsa 3i cnpAMoBaHUM ceim-
J10po3n00iNoM, 3acHOBAHUU HA 3aCMOCY8aHHI 6e3-
J1i4i 8UMIPIOBAYI8, PO3MIUEHUX y NIOWUHI, nepneH-
OUKYNAPHIU OCHOBHOMY HANPAMKY NOWUPEHHA 8U-
NpoMiHIO8aHHA Oxepend. Ha ocHosi yboeo memody
po3pobsieHo homomemp 0715 8UMIPIOBAHHA XAPAK-
mepucmuk cnpamosaHux dxepes ceimsnd, Akuu do-
380/1€ ONEPAMUBHO, 8 PeXUMI peasibHo20 4acy 8u-
3HAYamu Xapakmepucmuku 8UnpOMiHI08auis.

The accuracy of the measurement of the main
photometric characteristic of the emitter determines
the error for determining the total light flux of
the light sources, especially light emitting diodes,
for which it should not exceed 5 per cent. Existing
measurement methods with the use of integrated
spheres, goniophotometers and goniophotometers of
the near field require a great deal of time and have

P@3nmam
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agreat deal of value. To eliminate these shortcomings,
a method for measuring the characteristics of light
sources with directed light distribution is proposed
based on the use of a set of meters located in a plane
perpendicular to the main direction of the source
radiation propagation. On the basis of this method,
a photometer for measuring the characteristics of the
directional light sources is developed, which allows
to quickly, in real time, determine the characteristics
of the emitters. The method of determining the
parameters of light distribution of directed sources of
light for the construction of its photometric body is not
required to use a rotary means. Taking into account
the significant influence of temperature fluctuations
on the characteristics of LED light sources, it is possible
will upgrade the proposed method for determining
the photometric body of the radiation source in real
time and when the temperature changes due to the
introduction of additional elements in the future.

Kntoyoei cnoea: pomomempudHe mino, pomomemp, ceimaosuli nomik, npocmoposuti po3noodin 8UNPOMIHIOBAHHS.
Keywords: photometric body, photometer, light flux, spatial distribution of radiation.

XapaKTepMCTMKa CBiTZIOPO3MOAiNY cBiTNOZIOAIB HA BigMiHY Bif TpamuUiHUX HXepen
CBiTNA € ampiopHO CPAMOBAHO0. Y 3B'A3KY 3 WIMPOKUM VIIPOBA[KEHHAM CBiTJIO-

II. Heexxmaxos

€. Tumogpees

DiofiB V CUCTEMU OCBIT/IEHHA 1 MiACBIYYBaHHA 3aBAAHHA BUMIPIOBAHHA XapaKTEPUCTUK
I)XXepen CBiTna 3i CIIPAMOBAHUM CBITIIOPO3MOAINOM cTa€ Bce 6inbur akTyansium. OpHieto
3 HAbIiNbLI BAXIUBUX XaPAaKTEPUCTUK OYIb-KOTO XKepena BUIPOMIHIOBAHHA € POTOMET-
PUYHE TiNo, Bifi TOYHOCTI BUMIPIOBAHHS AKOTO 3aJIEXUTb MOXUOKA PO3PAXVHKIB 3HAYEHD
CBIT/I0BOTO IOTOKY 1 KoedilieHTa MOr0 BUKOPUCTAHHA 32 BUPiIEHHA Pi3HUX TEXHIYHUX
3aBaHb: BU3HAYEHHA OCHOBHUX TEXHIYHWX IapaMeTpiB CBITIOBUX IpPWIAfiB y Ipole-
cax ix po3pobsHHA, OLiHIOBAHHSA BiiOBIAHOCTI HOPMOBAHWUX KiNIbKICHMX XapaKTepUCTUK

0. JIaweHkxo
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lNokasaHo, wjo 0719 oNepamuBHo20 KOHMPOJTHO-
8AHHA Ma 8i00aneH020 KanibpysaHHs 8UMIpHOBAsTb-
HUX KaHanig 0oyineHO BUKOpUCMosysamu Kanibpa-
mopu Hanpyau nocmitiHo2o cmpymy 3 asmomamu-
HUM KOpU2y8aHHAM NOXUGOK 3a MemoOoM noosili-
H020 KoMymauiliHoeo iHeepmyeaHHa ma ycepeo-
HEHHAM 8UXIOHOI Hanpyau ¢inbmpom Hu3bKoi 4ac-
momu. [lposedeHo nopieHAHHA OUHAMIYHUX mMa
MempoJIo2iyHUX Xapakmepucmuk Kanibpamopis
Hanpyau 3 00HO- ma dgonienepioOHUM 0emodysto-
8AHHAM MA 3aNPONOHOBAHO ONEPAMOPHI Ma 4aco-
8i MamemamuyHi modeni. 30ilicHeHo Komn'tomepHe
MOOe/I0BAHHA 060X CmpyKmyp kanibpamopig Ha-
npyau 8 pexumax py4Ho20 ma asmoMmamu4Hoz20 Ke-
pyBaHHA. Onucaxo pesynbmamu ekcnepumeHmarne-
Hux 0ocnioxeHb Makema kanibpamopa Hanpyeu
3 00HONIBNEPiIOOHUM 0eMOOY/IBAHHAM MA ycepeo-
HEHHAM aKmMUuBHUM (ilbmpoM HU3bKOI Yyacmomu.
MoO0aHO BUCHOBKU CMOCOBHO XOpOWOi 36iXHoCmi
eKcnepumMeHmMasnbHUX pesysaemamie 3 meopemus-
HUMU NpunyweHHAMU, HeCKOpu208aHe 3HAYeHHSA
aoumueHuX 3mMiwieHb 8 py4YHOMY pexumi KepyeaH-
HA He nepesuwysano +1 MkB. YcmaHosneHo neg-
HY 4aCmOomHy 3anexHicmb Heckopu2o8aHo20 3Ha-
YeHHS aOUMUBHUX 3MiljeHb 8U20MOBIEHO20 MAKe-
ma ma 8uU3Ha4yeHo, Wo ii MiHiManbHe 3Ha4YeHHA € Ha
yacmomi 6ina 1,2 kly. 062080peHO yMosU Npak-
muyHol peanizayii kanibpamopa Hanpyau nocmidi-
H020 CMpymy 3 a8MOMAMUYHUM KOPU2YBAHHAM
aoumugHux 3miujeHb 3anpoNOHOBAHUM MemodoM
KomMymayitiHo2o iHeepmysaHHs 8 6auci npozpamo-
8aHUX cucmem Ha Yini. HazonoweHo, wo y nodase-
womy ye 00380/1uMb Kopuzysamu U mysemunsika-
mueHi ma 000amkosi noxubKu nio Yac 8iomeopeH-
HA Hanpyau nocmitiHo20 CMpyMy MAnux 3Ha4eHs 3a
poboyux ymog ekcniayamavuii.

V. Yatsuk, Doctor of Technical Sciences, professor
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e-mail: vyatsuk@lp.edu.ua

R. Matviiv, postgraduate student of the department,

e-mail: rmatviyiv@gmail.com

Yu. Yatsuk, Candidate of Technical Sciences, docent,
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Itis shown that, it is expedient to use a DC voltage
calibrator with automatic error correction by double
switching inverting method and averaging the out-
put voltage with a low frequency filter for operatio-
nal monitoring and remote calibration of measuring
channels was shown in this paper (Figre 1). A com-
parison of the dynamic and metrological characte-
ristics of DC voltage calibrators with single- and two-
period demodulation has been carried out and ope-
rator and time mathematical models have been pro-
posed (Figure 2). Computer simulation of both struc-
tures of voltage calibrators in manual and automa-
tic control modes was carried out. The results of ex-
perimental studies of a DC voltage calibrator model
with single-phase demodulation and averaging by
an active low frequency filter are described (Figure 3).
Conclusions about the good convergence of experi-
mental results with theoretical assumptions were
made; the unadjusted value of the additive displace-
ments in the manual control mode did not exceed
+1 uV. A certain frequency dependence of the additive
displacements unadjusted value of the made model
has been established and it is determined that its mini-
mum value is at a frequency near 1.2 kHz. Conditions
of practical realization of a DC voltage calibrator with
automatic correction of additive displacements by the
proposed method of switching inverting in the basis
of programmable systems on a chip are discussed.
Emphasized that in the future it will also adjust the
multiplier and additional errors during the reproduc-
tion of DC voltage small values in working conditions.

The scientific results, presented in this artic-
le, were obtained in the frame of research project
number 01150000446, 01.01.2015 - 31.12.2017, fi-
nancially supported by the Ministry of Education and
Science of Ukraine.

Kniouosi cnosa: kanibpamopu Hanpyau nocmiliHo2o cmpymy, onepamueHe KOHMPOJIIBAHHA HA Micyi ekcniyamauyil,
asmomamuyHe Kopu2y8aHHs NOXubok, Memoo NoosiliIHO20 KOMymauiliHo20 iH8epMyBaHHs.
Keywords: DC voltage calibrator, operational control in situ, automatic correction of errors, dual switching inverting method.
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N3noxeHol npobiembl  Memposio2uyeckozo The problems of metrological assurance for large

obecneyeHus usmMepeHuUs GOMbWUX KpYyMAWUX MO-
MeHMO8 CUJIbl, B0CNPOU3B00UMbIX 2UOPABIUYECKU-
MU MOMeHMHbIMU K/IYamu U 2atikosepmamul.

Onucaxa memoduka u npoyedypa Kanubposku
cmeHoa PLARAD 0na Kanubpogku 2udpasiudeckux
Kkmioyeli 0o 10000 H-m Ha ycmaHogke, paspabomat-
HoU asmopamu cmamedu.

torque measuring, reproduced by hydraulic torque
wrenches and screwdrivers, are considered.

The authors developed the system, principles
and procedures for calibrating the PLARAD device,
used for calibration of hydraulic torque wrenches up
to 1000 N-m.

The results of the PLARAD device calibration are

[pugedeHbl pe3ynbmamel Kanubposku cmeHod.  presented.

Knioyeesle cnoea: memposnozudeckoe obecneyeHue, Kpymawuli MOMeHm Cusbl, KanubposKa, 2uopasauyeckuti
MOMeHMHbIL K1Y, 2atikosepm.
Keywords: metrological assurance, torque, calibration, hydraulic torque wrench, screwdriver.

Pe3b6013ble COeIVHEeHUA — CaMbIN PacIipOCTPaHeHHbIW BUT, COeAUHEHNN 371eMEHTOB Me-
XaHW3MOB W KOHCTPYKUMN. [INOTHOCTb cOeUHEHUSA, KaK NIPAaBUIIO, PETlaMeHTUPYeTCA
B TEXHOJIOTUYECKON AOKyMeHTauuu. [IpuHATaA B IpexHUe BPeMeHa «3aTaXKa A0 YIo-
pa» yuna B mpouuioe. [[na HOPMUPOBAHHOW 3aTAXKU COEAUHEHWUI UIMPOKO IIPUMEHANOT-
Csl MOMEHTHbIE (AUHAMOMETPUYECKUE) KIIOUU W TaiikoBepThl. OTHOCUTENbHAA MOrpeu-
HOCTb BOCTIPOW3BEAEHUA 33[4aHHOTO KDPYTALEr0 MOMEHTA COBPEMEHHLIMU MOMEHTHBIMU
KJl0YaMn He BHIXOZMUT 3a Npefentl +4 %. [Ina moBepku (KanubpoBKU) TaKWX MOMEHTHLIX
kmioueit B Il «YKpMeTpTECTCTaHAAPT» Pa3pabOTaHEl W LIMPOKO BHELPEHH B IPAKTUKY
Kannbposoutsie ycraHoBku YIIMK ¢ Bepxuum mpepenom usMepenuii go 2000 H-m [1—3].
Tak)ke XOPOLIO U3BECTHHI YCTAHOBKU [JIl KAAMOPOBKU MOMEHTHLIX K0Ueil 3apyOexHbIX
nponssopureneit Stahlwille, Gedore, NORBAR, HAZET [4—T].

[Ins 3aTsKKU MOWHLIX 60NTOBLIX COEAUHEHWI, IPUMEHAEMbIX B SHEpreTuKe, Hedrera-
30BO¥A ITPOMBILIZIEHHOCTY U TAXKEL0M MallMHOCTPOeHUY, B Havyane 60-x ronos 20-ro cTone-
TUA GBI CO3JAHBI TEPBLIE KOHCTPYKLUN TUAPABANUECKUX MOMEHTHLIX KI0Ueil U Taitko-
BEpTOB. 3a MpourefuIne AeCATUIETUA OHU TTONYIUIU CTPEMUTENbHOE PAa3BUTUE U CETOAHA
ABJAIOTCA OAHWUMW U3 CaMblX WHHOBALMOHHLIX U BHICOKOTEXHOJIOTUYHLIX UHCTPYMEHTOB.

VX oTAnyaeT BO3MOXHOCTb CO3LAHUA KPYTALEro MoMeHTa (6onee 100 000 H- M) n BhI-
coKasl IPOYHOCTb IIPU MUHUMAJILHO COOCTBEHHOI Macce 1 0YeHb KOMITAKTHLIX rabapurax,
[I03BONAIOLIMX PABOTATh B OrPaHUYEHHOM IpocTpaHcTBe. CnepyeT 06paTUTb BHUMAHMeE,

© Jleoxos I., Kosanb B., lemuenko A., 2018
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HaunonanbHbI TEXHUYECKUIL YHUBEPCUTET
«XapbKOBCKUIL MONUTEXHNYECKUI UHCTUTYTY,

posedeH cpasHUMenbHbIli AHAAU3 3KCNePUMEHMAIbHO No-
JYYeHHbIX U pacdemHeix 3Ha4yeHuu cymmapHeix 3C usmepu-
mesibHbIX 06MOMOK npeobpazosamens ¢ NPOCMPAHCMBEHHO-
nepuoouYecKUMU NOAMU NPU NOMEWEeHUU 8 He20 MAaHUMHbIX
U HeMazHUMHbIX u3denutl. Pesynsmamel pabomel ceudemesiscmeay-
fom 0 Xxopowem co8nNA0eHUU pacyémHbiX U 3KCNepUMEeHManbHo
nosyyeHHbix 3Ha4eHuli [C npeobpazosamens. Tak, 0n1a usmepu-
mesibHbIX 06MOMOK, pacnOIOXeHHbIX C y2/108bIMU KOOPOUHAMA-
mu @ = 30° u 60°, pacxoxoeHue 3HaqeHuli 3C cocmasusno He 60-
niee 10 %.

The purpose of this study is to perform a comparative analysis of
the experimentally obtained and calculated values of the measuring
windings total EMF amplitudes of the eddy current transducer with
spatially periodic fields when magnetic and nonmagnetic cylindrical
product are placed in it. To realize this goal in the work, a transducer

VJJ,K 620.179.14

_ ndies
insducer
dic Fields

¥ 4
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with translational symmetry of excitation magnetic field has been
developed.

Translation symmetry typical example is the field of a long
current conductor. The paper considers quasi-static electromagnetic
field with the wavelength that exceeds characteristic transverse
dimensions of conductor and cylinder.

As the study result it is seen a satisfactory coincidence of the
calculated and experimentally obtained values of the EMF of the
transducer output signal in the cases of the product absence and
with variety of products. As for example for measuring windings
with angular coordinates ¢ = 30° and 60° an error of voltage values
difference is less than 10%.

The study shows that the advantage of such transducers while
operating on one fixed frequency is capability to perform the multi-
parameter testing on account of processing of certain amount of
some spatial harmonics of excitation field.

Kniouyesvle cnosa: npocmpchmaeHHo-nepuobuquKue nosns, BUXpemOKOBbIU npeo6paaoeame}7b, Ma2HUMHeble U HemazHUmMHele L{UﬂUHapU‘JECKUE’

u3desnus, MHO20Ndpamemposbiti KOHMPOTb.

Keywords: spatially periodic fields, eddy current transducer, magnetic and nonmagnetic cylindrical products, multiparameter testing.

Bce YCILOXKHAIMECS 33[jaYL 10 IOBLILIEHUIO Ka-
yecTBa MPOMBINIZIEHHON MPOAYKUWYM, HaLeKHOC-
TU 00BEKTOB TPEOYIOT [ja/bHENIIEr0 COBEPIIEHCTBOBA-
HUsL METOZI0B U CPEJCTB KOHTPOJA U LUATHOCTUKU. Psap
HOBHIX 3aJlad He MMOJJlaeTCA PelIeHUI0 CTaHAaPTHLIMU
MeTozaMU KoHTpos. JIio6oe mosbiueHne 6e30macHocTu
[OCTUTAETCA 3a CYET HEOOXOAUMOrO [OMOJAHNUTENLHOTO
YBEAUYEHUA PACXOfoB. [[pUMeHeHNe CUCTEM KOHTPONA
W IOMAarHOCTUKU YIOPOXAeT MPOAYKINIO IPU BHIYCKe

© TopkyHos B., JIbeoB C., Tamep LIu6asx, Bopucenko E., 2018

W 3KCIyaTaluu, OAHAKO UX UCIONb30BaHWE HA BCEX
CTaZUAX U3TOTOBJIEHUSA, ITOBEPKU U IKCIUIyATaLUU Cy-
leCTBEHHO I[OBLILIAET HAZIEXHOCTb W3LENui, obec-
MeunBas, B KOHIle KOHI|OB, 'POMAZiHLIA B Maciuitabde
CTPaHbl KOHOMWYECKWUN BHIUIPHILI.

K 0CHOBHBIM 0COGEHHOCTAM COBPEMEHHBLIX CUCTEM
KOHTPOJIA OTHOCATCS 3HAUUTENbHOE YBENIUYeHUe Uncila
IIPOBEPSEMBIX TAPAMETPOB (MHOTOGYHKLMOHAILHOCTD)
W IOBHILIEHUE IPOWU3BOAUTENBHOCTU KOHTPOJbHBLIX
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Po32nsHymo memodu onmumizauii npocmopo-
80-4aC0B020 ONPAYIOBAHHA CU2HANI8 O/ NOBHO20
abo X 4acmkoso20 N00assieHHs He6AXAHUX BIYHUX
nestocmkie 3aead. 30ilicHeHO YOOCKOHAEHHA Me-
moouKu pobomu napu «CuzHa -ginemp» 3 8uUKo-
pucmarHam imepauitiHoi npoyedypu 0719 MAakcumi-
3ayil BIOHOWeHHS cU2HAn/wym ma nposedeHo imi-
mauiliHy nepesipky po3pobneHoi memoduku. 3 me-
Moio MpeHyBaHHs onepamopie 32i0Ho 3 npozpama-
MU HABYaHHA 3aNPONOHOBAHO asieebpaiyHi supasu.
MamemamuuHi modeni peanizoearo y cepedosuyi

In this paperare considered methods for
optimizing spatio-temporal signal processing for the
complete or partial suppression of unwanted side
lobes of interference. The method of operation of
the signal-filter pair was perfected using an iterative
procedure to maximize the signal-to-noise ratio.
Simulated verification of the developed technique
was carried out. In order to train operators according
to training programs, algebraic expressions are
proposed. Mathematical models are implemented in
Matlab programming environment.

npozpamysarHs Matlab.

Kniouoei cnosa: npocmoposo-yacose onpaylos8aHHs, onmumizayis, mpeHaxepHa npouedypd, 8iOHOWEHHSA CUHA/WYM.
Keywords: space-time processing, optimization, training procedure, signal-to-noise ratio.

O,T.I,HV[M i3 HampAMiB MiABUIEHHA AKOCTI GYHKLIOHYBAHHA PafiOTEXHIYHUX CUCTEM
€ BJOCKOHANEHHS HAaABHUX TEXHOJIOTiN OMpallloBaHHA PafiOCUTHAJIB Ta BIPOBAL-
)KEHHA HOBUX METOZiB, TOB'A3aHUX 3 YpaxyBaHHAM arMocdeproro Bmnusy. Ha cyvacHo-
My eTami PO3BUTKY PajionoKauiiHOTo mpunafobynyBaHHA OLHUM i3 HampAMiB € CTBO-
PEHHA MepCIeKTUBHUX paaapis. Boprosa papionokauiitia cranuis (PJIC) € opHieto 3 Hant-
BAXJIMBILINX €1IEMEHTIB Pafi0eseKTPOHHOro 06/1aflHaHHA CYYACHOT0 NiTajbHOro amnapaTa
Ta aBialiiHOro TpeHaKepa; Ha eKpaHi eneKTpoHHO-TpoMeHeBoi TpyGku PIIC 3abe3meuy-
10Tb BisyanbHy indopmauito, aka imitye guHaMiky uinboBUX 06’€KTiB.

Ha choropni asianintvo-kocmiuHi pyxomi 06'ekTn HeMoxnuBi 6e3 papapis. HaasHicTb
Ha 6OpPTY NiTanbHOrO amapaTa pPajioTexHiyHuxX 3aco6is, W0 3a6e3MeYyioTh MaHOpPaMHUIL
OT7IA7, MiCLIeBOCTI HE3a/eXHO Bif, ONTUYHOI BUAUMOCTI, ZOKOPIHHO MOKpALlye YMOBU, Ha-
IIPUKIAL, NiTAaKOBOZIHHA i OBHOTY [OCATHEHHA 1inbOBUX PE3Y/bTATIB 3a pi3Hoi HaBira-
1iitHoi 06CcTaHOBKM, HAbAraTo IMiABUIYIOTH HABUYKMN JIIOAUHMU-OMEPATOPiB, TOUHICTb i Ha-
mifHicTs Mpodecituux #in 3a yMoB, HAGMWKEHNX [0 HATYPHUX.

Konu B 6oproBux PJIC 3pificHI0€TbCA IIPWilOM BifOUTOrO pajionokauiitHoro curHany
Bzl 3eMHOi oBepxHi a60 Bif yCiX 06'€KTIB, 1110 MICTATBCA HUXUE JiTaKa, TOAi MOTipuIyeThCA
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[lpedcmasneHo aHanis nnaHy AiHii Ha Kpusux i npaMux OinAH-
Kax MiXXHapoOHUX MPaHCNOPMHUX Kopuoopis, po3paxyHKU 3a me-
MOOUKOIO 8pAXYBAHHA MOYHOCMI BUMIPIOBAHb 3G WBUOKICHO20
ma 8uCcoKoW8UOKiCHO20 pyxax, niomeepoxeHa HeobXioHicmb ypa-
Xy8aHHA obcazie pobim, sumpam Ha nepebydosy Kpugux i eKOHO-
Milo eHepeemuYHUX pecypcie 0718 8CMAHOBNEHHA PAYIOHATbHUX

napamempie naaHy 8ionogioHo 00 3a0aHUX pieHi8 MAKCUMATbHOI
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The analysis of the line layout on curves and straight sections
of international transport corridors, calculations based on the
accuracy measurement method for rapid and high-speed traffic,
confirmed the need to take into account the scope of work, the cost
of reconstructing curves and saving energy resources to establish
rational layout parameters in accordance with a specified level of
maximum speed.

Kniouosi cnoea: 2eoiHghopmayitiHi cucmemu, Memoo cmpin, 8UMIPIOBAHHA KpUBUX, NIGH NiHil, BUMIIOBAHHSA padiycie, MiXHAPOOHI MpaHcnopmHi

KOpuoopu, KoJiE8UMIpO8AsTbHI 8a20HU, MOGINbHE 1a3epHe CKAaHY8aHHS.

Keywords: geoinformation systems, arrow method, curve measurement, line layout, radius measurement, international transport corridors, trackwagons,

mobile laser scanning.

Mi)KHapop,Hmﬁ TpaHcmopTHUii kopupop (MTK) — 1ue BUCOKOTEXHONOTriYHA TpaH-
CITIOPTHA CUCTEMa, fKa KOHLEHTPY€E Ha reHepasbHUX HAPAMKAX TPAHCIIOPT 3araib-
HOTO KOPUCTYBAHHA (3a1i3HUYHWIA, aBTOMOOINbHUN, MOPCbKUIA, TPYOOIPOBiAHMit) i Tene-

KoMyHiKauii.

MTK nanbinbur ehexTnBHO GyHKIIOHYE 32 YMOB MpedepeHlinHoro pexumy, BKida-

109U €ANHUIA MUTHUI abo ekoHOMiyHWI npocTip. KoHueHTpauis Marepianbuux, hinarco-
BUX Ta iHdopMaliiHnX MOTOKIB, ¥ MOEAHAHHI 3 BUCOKOW AKICTI0 €KCIIELUTOPCHKOTO 06-
CNyTOBYBaHHs, 3a6€3MeYyi0Th MPUCKOPEHHA 060POTHOCTI KariTany, CUMHXpOHisauii mpo-
XOIPKEHHA TOBApiB, MNATLKHUX Ta IHIWIUX NOKYMEHTiB[1, 3, 4].

Haibinbur mmpokuit po3BUTOK oTpuManu IlaH-EBpOMENCHKi TPAHCIIOPTHI KOPWUAOPHU.
ToMmy, He3anexHo Bifi reorpadiyHOro MmMoNOXEHHA, 1l TPAHCIIOPTHI KOPUZOPYU TAKOXK iHO-
Ii Ha3sUBAOTb KPUTCbKUMW ab0 renbCiHKCbKUMWU KOPUA0PaMM.

CucreMa TPAHCMOPTHWUX KOPUAOPIB MicTUTb 10 KOPWAOPiB, Ha3BaHWUX KPUTCHKUMMU,
3 18 BigranyxeHHAMMU.

I3 10 MDXKHApPOAHUX TPAHCIIOPTHUX KOPUAOPIB TEpUTOpield YKpaiHU ITPOXOZATh 4O-
TUPW:

e MTK Ne 3: Bptoccenb — Axen — Kenvh — [Ipe3nen — Bpounas — KaroBine —
Kpakis — JIbBiB — Kuis (puc. 1);
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pedcmasneHo pesynemamu 00CHiOKeHHA HasA8HUX Memodis

i 3acobie ouiHIOBAHHA KOMNeMeHMHOCMI ekcnepmie 3 Memposo2il

30 8CMAHOBEHUMU Kpumepiamu. Pesynemamu onpauyb08aHo 3a
00NOMO2010 CneyianbHUX MemooukK i Npo2pamHux 3acobis 3 ypaxy-
8AHHAM He8U3HA4yeHOCMi OaHUX Ma 3aCMocy8aHHAM Memody aHad-
nimuyHoi iepapxii. posedeHo NOpPiBHAbHUL AHAJI3 OMPUMAHUX

The article presents the results of research of known methods
and methods for assessing the competence of experts in the field of
metrology according to established criteria. The results are processed
using special techniques and software tools, taking into account
the uncertainty of the data and the application of the analytical
hierarchy method. A comparative analysis of the results is carried out

pe3ysibmamie 3 Memoto OUiHIBAHHA 36iXHOCMi ma npudamHoc-
mi memodie.

to assess the convergence and suitability of the methods.

Kntoyoei cnoea: komnemeHmHicme, ekcnepm, Kpumepii OUiHIOBAHHSA, HEBU3HAYeHICMb OaHUX, AHANIMUYHA iEpapXis, Memposnozis.
Keywords: competence, expert, evaluation criteria, data uncertainty, analytical hierarchy, metrology.

715 YXBaJleHHA 00I'PYHTOBaHMX pinteHb v 6yab-akiit chepi aisnbHocTi HeobxiaHo crin-
npa'mca Ha J0CBij, 3HaHHA Ta iHTyilito ¢axiBuie. 3 Li€l0 MeTOW0 MPOBOAATHL IPYIIOBI
EKCITEPTHI OLiHIOBAaHHA — MPOLEAYPU OTPUMAHHA OLiHKW IMEeBHOI MpobneMu Ha OCHOBI
nymku axiBLiB (eKCIepTiB) 3 METOW IMOAAJbUIOTO YXBaleHHA pilleHHA. [Ina 0TpUMaHHA
TaKUX OLiHOK HeOoOXifHO Iepur 3a BCe KOPEKTHO IMiAXOAUTW L0 Bi6ODPY €KCIEepPTiB Y MeB-
HiN cdepi pisnbHOCTI. YpaxyBaHHA KOMIIETEHTHOCTI €KCIIEPTIB MA€E MiABUIUTU LOCTOBIp-
HICTb ITPOBELEHHA EKCIIEPTHOTO OLiHIOBAHHA.

Baxnuso i3 Benuxoi pi3HOMaHITHOCTI eKCIIEPTHUX METOZIB BULINUTU Ta YLOCKOHANU-
TU Tifi KOHKPeTHi nmoTpebu y meBHiN chepi Habinb Bawnuei. 3 uic0 MeTOW HEOOXiAHO
30iiCHUTW MOPiBHANBHUI aHani3 A OLiHIOBAHHA MPUAATHOCTI MeToniB. Came Taki Me-

0. Benuuko

TOZLU 3aCTOCOBaHi aBTOPAaMW B Ipolieci MPOBeAEHHA [0CHiZXKeHb 3 MUTaHb MiBULEHHSA
e(heKTUBHOCTI CKNaIHUX cUCTEM Y cdepi TeXHIYHOTO PerynioBaHHs, 30KPEMA, V CTaHAAp-
Tu3auii Ta metponorii 1, 2].

Ha cboropni HeoOXifHiCTb Ta BaXAUBICTb TEXHIYHOTO PETYILIOBAHHSA, 30KpeMa, V che-
pi MeTpororii, He BUKAUKae CYMHiBiB. 3 rnobanisalielo puHKiB, 30iNblIEHHAM KiNnbKOCTi
YYaCcHWKIB TOProBeNbHWUX BIAHOCWUH, PO3LIMPEHHAM i yCKIaAHEHHAM BUPOOHMLTBA iI ponb
cyTTEBO 3pocTae. HanionanbHa iHppacTpyKTypa AKOCTI OCTAaHHIMW POKAMU 3a3HAE TPAHC-
dbopmaniit Ta CyTTEBUX 3MiH, a MOZANbLINA PO3BUTOK XapaKTepU3YBATUMETHCS 3HAYHUM
MTOCWIEHHAM MiXHApOoAHOI Ta perioHanbHoi cmiBmpaui. [ns BUABNEHHA Ta IOAANLLIOTO

T. Iopoienko
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BiHHUIBbKWUI HAliOHANbHWIA TEXHIYHWUI YHIBEPCUTET

Po3pobneHo ma 0ocnioxeHo eHmponiliHut Kpumepiti aHa-
N3y 306paxeHHa Ha Uozo 8ionosioHicme memody RLE-komnpecii.

poaHanizosaHo KonipHy modess Lab i mempuky ouiHku KonipHoi

giocmaHi CIEDET1976. YseOeHo napamemp iHgopmayitiHoi 3Ha4u-
Mocmi nikcens, AKul 6a3yembca Ha 3a3HadqeHit suwe Mempuyi ma
00380/1A€ OYIHUMU B8AX/UBICMb CYMIXHO20 NiKCeNA 3 MOYKU 30py
iHhopmayii, SKa HUM BHOCUMbCS, BIOHOCHO 00 NONEPedHbO20 NiK-
cena.Po3pobnero modugikosaHuti eHmponitiHul kpumepil aHani-
3y 306paxeHHs 3 ypaxyeaHHAM napamempa iHgopmayitiHoi 3Hauu-
mocmi nikcensa. [lepesipeHo adek8amHicme 3anponoHOB8aHO20 Kpu-
mepito Ha 8ubipyi cMaHOapmMHUX mecmosux 306paxeHb i dosede-
HO doyineHicmeb (1020 BUKOPUCMAHHS.

Assistant of Department,
e-mail: olesenkoalla@gmail.com
Vinnytsia National Technical University

The work is devoted to the development and research of the
entropy criterion of image analysis on its corresponding to the
method of RLE-compression. The Lab color model and the CIEDE1976
color estimation metric have been analyzed. The pixel information
importance parameter has been introduced, which is based on the
above described metric and allows us to estimate the importance
of the adjacent pixel taking into consideration the information it
introduces in relation to the previous pixel. The modified entropy
image analysis criterion has been developed taking into account
the pixel’s information importance parameter. The adequacy of the
proposed criterion has been checked on the sample of standard test
images and the feasibility of its use has been proved.

Knioyoei cnoea: eHmponis, kpumepiti, napamemp, nikcens, 306paxeHHs, KoipHa modess, KonipHa 8idcmate, Lab, RLE.
Keywords: entropy, criterion, parameter, pixel, image, color model, color distance, Lab, RLE.

CTpiMKm?l PO3BUTOK Ta IOWIMpPEHHA iHdopMauil € opHiew 3 HalaKTyanbHILIUX IPO6-
JIeM CYYaCHOTO CYCITIILHOTO Iporpecy. PO3BUTOK cyyacHMX iHpopMauiiHux cucrem
i Mepex HEMOXIWBUIL 6e3 BUKOPUCTaHHA UNDPOBUX 306paxenb.dakTnuxo, Ginburicts
TeXHIYHUX Tany3eil, ki CTOCYIOTbCA OTPUMAHHS, OIpalloBaHHsA, 36epiraHHsa i mepefa-
BaHHA iHdopMalii, 3HaYHOW MipOl0 OPiEHTYIOTHCA HA PO3POOGJEHHA TAa PO3BUTOK CUC-
TeM, V AKUX iHbopMalilo MpencTaBneHO V BUAL 306paweHb.3aBRaHHA uubpoBOro ormpa-
1toBaHHA 300paxend (I103),B ocHOBHOMY, MONAraloTb ¥ PO6OTI 3 KONbOPOBUMMW 306pa-
eHHAMU. OTKe, ITpobneMa CTUCHEHHA KOIbOPOBUX 3006paeHb, sKa icHye Bxe pocrar-

P. KsemHull
HbO TPUBAINI MPOMIXOK 4acy, He BTPavae CBOEI aKTyanbHOCTi. CTUCHEHHA 306paxeHb

(C3) BawnuBe ansa migBuileHHA eheKTUBHOCTI OMpaloBaHHA 300paXKeHb i A BUKOPUC-
TaHHA iHGOPMaUifHO-00YNCIIOBANIBHUX PECYPCIB TEXHIYHUX CUCTEM.

Kommpecin 306paxeHb BXe [aBHO He PO3IIAAAETLCA AK CYTO TEOPETWYHE 3aBLAHHA.
BoHa cTana MOBCAKAEHHOW IIPAKTUKOM0, AKa MOTPe6Gye MOCTiiiHOI yBaru B0 €KOHOMIYHWUX
XapaKTEePUCTUK 1 MOXIUBOCTEN pealbHOTO amapaTHOro 3abe3mneyenHs. [Ipobnemu nepena-
BaHHA 306paXeHb 3aKaHalaMy 3B'A3KY HU3bKOI WIBUZKOCTI, @ TaKOX IIPO6IEMU OIpallloBaH-
HA 7 TEpernany BelIWUKWX 3a PO3MipOM 300paXkeHb Ha POOOYUX CTAHLiAX HWU3LKOI MOTYX-
HOCTi pobnaT, BUMOru fo anroputmis C3 6inbur opcTkumn. ToMy aKTyalibHUM € 3aBAAH-
HA PO3pO6NEHHS HOBUX e(hEeKTUBHUX ITOPUTMIB CTUCHEHHA AJls iX MPaKTU4HOI peanisauii

A. Onecexro
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